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(www.ecobat.org.uk),	 that	 has	 been	 developed	 as	 both	 an	 online	
data	repository	and	a	tool	 to	help	ecological	practitioners	and	en-
vironmental	managers	better	 analyze	bat	 activity	data.	 It	provides	
an	objective	and	standardized	output	which	places	activity	levels	in	
the	context.
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2  | INTERPRETING BAT SURVEY RESULTS
Bat	 populations	 can	 be	 estimated	 by	 counting	 the	 number	 of	 indi-
viduals	 emerging	 from	 summer	 roosts	 or	 within	 hibernacula;	 how-
ever,	 roosts	can	be	difficult	 to	find	and	do	not	give	an	 indication	of	
the	 importance	of	an	area	 for	 foraging	bats.	Ecological	practitioners	
therefore	 frequently	 use	 acoustic	 surveys	with	 static	 bat	 detectors	
to	determine	species’	presence	(e.g.,	Roche	et	al.,	2011)	and	to	quan-
tify	 activity	 levels	which	 can	 act	 a	 surrogate	 for	 relative	 abundance	
(e.g.,	 Kalko,	 Villegas,	 Schmidt,	 Wegmann,	 &	 Meyer,	 2008;	 Lintott,	




ing	 to	 collect	 data	 is	 relatively	 cost-	effective;	 detectors	 can	 be	 au-










surrounding	 landscape,	 over	 a	 meaningful	 time	 period,	 to	 produce	




tioners	 therefore	 frequently	make	 judgments	 and	 recommendations	
using	a	combination	of	the	best	available	evidence	(i.e.,	survey	data)	















between	 sites/projects	 and	 in	pooling	data	 for	 further	 analysis.	The	
use	of	 standardized	 approaches	 for	 data	 analysis	 and	 interpretation	
allows	opportunity	to	correct	for	variables	such	as	region,	species,	and	
method	 and	 facilitates	 the	 contextualization	 of	 data	 gathered	 from	
an	 individual	 site	 so	 that	 decision	 making	 is	 more	 transparent	 and	
defensible.









Statutory	 Nature	 Conservation	 Bodies	 (SNCBs),	 the	 University	 of	























provide	 a	 numerical	 indicator	 of	 the	 relative	 importance	 of	 a	
night’s	 bat	 activity.	 For	 example,	 a	 site	 that	 contained	 bat	 activ-
ity	in	the	70th	percentile	would	indicate	that	it	had	greater	activ-
ity	than	70%	of	comparison	sites	(Figure	1).	The	use	of	percentiles	
also	enables	 the	 level	of	bat	activity	 to	be	defined	objectively	so	
that	there	is	consistency	in	the	definitions	of	what	is	classified	as	





41st–60th	 percentiles,	 (4)	 moderate-	to-	high	 activity:	 61st-	80th	
percentiles,	 and	 (5)	 high	 activity:	 81st–100th	 percentiles.	 These	
activity	 categories	provide	planning	authorities	 and	policymakers	
with	 the	 details	 required	 to	 aid	 making	 their	 decision.	 They	 are	
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not	 intended	 to	be	prescriptive	as,	depending	on	context,	differ-
ent	 definitions	 of	 thresholds	may	 be	more	 appropriate:	 planning	
decisions,	and	the	level	of	mitigation	required	will	depend	on	a	va-
riety	of	additional	factors	including	the	conservation	status	of	the	









ductory	paragraph	 that	 summarises	 the	 inputted	data;	 (2)	 tabulated	
summaries	of	key	output	information	(e.g.,	the	maximum	and	median	
percentile	for	each	species;	Tables	2	and	3);	and	(3)	graphical	output.	
Graphical	 analyses	 include	 a	 box	 plot	 indicating	 differences	 in	 bat	




Ecobat	 is	developed	as	 an	extension	of	 the	 Indicia	 toolkit	 and	uses	
the	open-	source	content	management	 system	Drupal	 (version	7)	 to	
provide	 a	 framework	 for	 the	website.	 Indicia	 is	 an	online	 recording	
system	for	wildlife	 records	 that	can	be	adapted	by	organizations	 to	
build	 their	 own	 website	 (Indicia	 2017).	 Example	 sites	 which	 have	
been	 built	 using	 Indicia	 include	 the	BBC	Breathing	 Places	 Ladybird	
Survey	 (http://www.bbc.co.uk/breathingplaces/ladybird-survey/),	
the	 North	 East	 Cetacean	 Project	 (http://www.northeastcetaceans.
org.uk/),	and	the	Biological	Records	Centre’s	 iRecord	 (https://www.












Location The latitude/longitude or grid reference of 
the survey site.
Sensitivity The confidentiality of the dataset, either 
locking the data within Ecobat or sharing 
the dataset with NBN
Date The date at sunset
Species The species or species group recorded
Passes per night Total number of passes per night for each of 
the species
Pass definition The method used to identify a bat pass, for 
example, a gap of 1 second between calls
Detector make and model The manufacturer and model of the bat 
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produces	 output	 using	 data	 retrieved	 from	 Indicia’s	 Web	 services.	
Shiny	Apps	 allow	R	 to	be	 run	 from	within	 a	website	by	providing	 a	
user-	friendly	point-	and-	click	interface,	while	keeping	the	R	code	hid-
den	on	a	server,	which	can	be	accessed	when	the	Shiny	App	is	being	
used.	 The	 integration	 of	 Shiny	 with	 the	 R	 package	 “R	 Markdown”	
(Allaire	et	al.,	2017)	allows	Web	users	to	upload	bat	activity	data	and	
easily	generate	downloadable,	preformatted	reports	which	have	been	
tailored to their dataset.
5  | ACCOUNTING FOR VARIABILITY 
BETWEEN SURVEYS
The	 functionality	 provided	 by	 Ecobat	 is	 governed	 by	 the	 trade-	
off	 between	 accommodating	 variation	 in	 acoustic	 surveys	 and	
providing	 robust	 analyses.	 All	 percentile	 outputs	 therefore	 con-
tain	the	“reference	range	sample	size”	that	a	night	of	activity	was	


















data in similar 
geographical region
.
High number of passes















Dataset can be stratified by location 





Nights of activity falling into different activity categories
High Moderate/high Moderate Low/moderate Low
50.17,	5.12 N. noctula 0 1 5 1 0
50.17,	5.12 P. pipistrellus 1 3 1 1 1
50.37,	3.53 N. noctula 0 0 2 4 1
50.37,	3.53 P. pipistrellus 3 2 0 2 0
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minimum,	we	 recommend	 that	a	 reference	 range	dataset	 is	 com-
prised	 of	 200	 nights	 of	 bat	 surveying;	 with	 smaller	 datasets,	 a	





stratification	 options	 to	 variables	 that	we	 consider	 essential	 and	
are	widely	considered	to	exert	a	strong	 influence	on	bat	activity;	 
these are:
1. Location—stratify	 at	 different	 geographical	 scales	 (100	km2,	
200	km2,	 UK-wide);
2. Seasonality—stratify	 for	 records	 within	 ±30	days	 of	 the	 survey	
date; and
3. Detector	 make—stratify	 results	 to	 include	 only	 those	 recorded	
using	the	same	make	of	bat	detector.
Additionally,	we	only	provide	comparisons	between	records	that	use	











There	will	 be	 a	 continual	 increase	 in	 the	 size	 of	 the	 Ecobat	 data-
base	 as	 survey	 results	 are	 entered.	 This	will	 improve	 the	 robust-










50.17,	−5.12 N. noctula 39 33–41 7 8,120
50.17,	−5.12 P. pipistrellus 75 34–91 7 12,429
50.73,	−3.53 N. noctula 51 45–56 7 8,129
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intervals	 around	 each	 of	 the	 percentile	 estimates	 which	 indicate	
the	confidence	in	the	output	relative	to	sample	size	(Table	3);	these	
will	become	more	robust	and	precise	as	the	database	increases.	We	






We	 will	 therefore	 monitor	 the	 Bat	 Conservation	 Trust’s	 National	
Bat	Monitoring	Programme	(Barlow	et	al.,	2015)	to	assess	popula-
tion	trends	and,	 if	 required,	 implement	an	option	for	 the	end	user	




Although	 there	 has	 recently	 been	 a	 shift	 toward	 open	 data	 access	
within	 ecological	 consultancy	 (e.g.,	 Scottish	Windfarm	 Bird	 Steering	







Where	 clients	 are	 still	 reluctant	 to	 share	 data	 openly,	 or	 for	
sensitive	 datasets,	 uploaded	 records	 can	 be	 classified	 as	 “do	 not	
publish.”	 This	 prevents	 these	 records	 from	 being	 publicly	 acces-




















England,	 Scottish	 Natural	 Heritage,	 Natural	 Resources	 Wales,	 the	
National	Biodiversity	Network,	and	the	Bat	Conservation	Trust	in	ini-
tiating	the	project.	Ecobat	was	created	with	funding	from	NERC	(NE/
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